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The COVID-19 pandemic has had a profound global impact, affecting
people’s physical and mental health, and their social and economic
circumstances. Mitigation measures have disproportionately affected
women. Studies have reported menstrual cycle and psychological
disturbance associated with the pandemic. Pregnancy is a risk factor
for severe COVID-19 disease. Reports have also demonstrated asso-
ciations between COVID-19 infection, vaccination and Long COVID
syndrome and reproductive health disturbance. However, studies are
limited and there may be significant geographical variation. Also
there is bias amongst published studies, and menstrual cycle data
was not included in COVID-19 and vaccine trials. Longitudinal po-
pulation based studies are required. In this review we discuss ex-
isting data, along with recommendations for further research
required in this area. We also discuss a pragmatic approach to
women presenting with reproductive health disturbance in the era of
the pandemic, encompassing a multi-system assessment of psycho-
logical, reproductive health and lifestyle.

© 2023 Elsevier Ltd. All rights reserved.

Introduction

COVID-19 is a novel, infectious, multi-system disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1]. The COVID-19 pandemic has caused global disruption. It has impacted
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female reproductive and sexual health and rights in various ways, both at an individual and societal level.
The multi-faceted impact of the pandemic on women'’s health includes menstrual cycle disturbance and
psychological disturbance, changes in libido and sexual activity and access to contraception. Studies have
also suggested potential reproductive health disturbance from COVID-19 infection, COVID-19 vaccination
and Long COVID syndrome. The long term impact of these are unknown.

Men are more likely to die from COVID-19 infection, despite similar numbers of men and women
contracting the infection [2]. This has led to speculation that female sex hormones may in some way be
protective against severe disease. Sex hormone receptors are ubiquitous, being expressed in nearly all
organs and tissues, and play roles far beyond that of reproduction [3]. Many important clinical and
immunological differences have been demonstrated between men and women with acute COVID-19
infection; women have lower levels of inflammation, higher lymphocyte counts, and faster antibody
responses [4]. Oestradiol is known to have immunomodulatory, antiplatelet and vasodilatory effects [3].
Infection in pregnancy, however, is associated with more severe disease.

Several observational studies have reported menstrual changes related to both COVID-19 infection
and COVID-19 vaccination [5,6]. Vaccination against COVID-19 does not impact female fertility [7].
Small-scale studies have found menstrual cycle disturbance in women with Long COVID [8,9]. In fact,
Long COVID is more prevalent in women of reproductive age [10]. Female reproductive health dis-
turbance has previously been shown with other viruses, such as HIV and viral hepatitis, which are as-
sociated with menstrual cycle alterations, early menopause and miscarriage [11,12]. Direct viral
disruption to physiological ovarian steroid hormone production could also theoretically exacerbate
symptoms of menopause in women who are already perimenopausal.

There have also been studies reporting reproductive health disturbance relating to the impact of the
pandemic and associated mitigation measures and psychological disturbance [13,14]. However it is
important to consider that in general menstrual irregularities are common, as is COVID-19 infection and
or vaccination [15,16] and that existing observational studies are subject to bias. There are many reasons
females may experience menstrual disturbance, such as acute or chronic medical illnesses, mental health
conditions, changes in weight, and medications [17-20]. It is not clear how prevalent menstrual cycle
changes are, or whether reported menstrual changes reflect normal fluctuations in menstrual symptoms,
as opposed to direct effects of COVID-19. Menstrual health in general is a low priority in medical re-
search, and this is no different in relation to COVID-19, as it was not included in trials related to COVID-19
infection, treatment or vaccination.

In this narrative review we present existing data about the impact of COVID-19 infection, the COVID-
19 pandemic, COVID-19 vaccination, and Long COVID on female reproductive health. We also review data
on the impact of COVID-19 infection in pregnancy, as well as the impact on sexual health and in women
undergoing assisted reproductive technology (ART). Given the overall limited amount of published short
and long term data in these areas, we recommend important agenda for future research. There is also
little in the way of clinical practise guidance, so we will consider a pragmatic clinical approach to
menstrual cycle or reproductive health issues arising in this setting.

The impact of SARS-CoV-2 infection on reproductive and sexual health

Emerging evidence suggests that SARS-CoV-2 infection may influence the menstrual cycle. There are
a number of plausible means by which SARS-CoV-2 infection may impact the female hypothalamic-
pituitary-gonadal (HPG) axis to result in menstrual disturbance [21-25].

SARS-CoV-2 gains cellular access through the angiotensin converting enzyme 2 (ACE2) receptor,
which is widely expressed in many tissues including the ovaries and endometrium [26]. As a result,
infection with SARS-CoV-2 could theoretically affect ovarian hormone production and endometrial re-
sponse at menses [22]. In fact, knockdown of ACE2 impairs the endometrial stromal cell decidualisation
process through which endometrial cells prepare for embryo implantation [26]. The local presence of the
virus in the reproductive tract could also theoretically induce immune disruption. For example, acute
infection may alter the phenotype and volume of endometrial leucocytes which could change menstrual
blood loss [22,24]. COVID-19 infection may also impact the female reproductive tract through inter-
ference with endothelial cell function and systemic haemostasis, resulting in altered menstrual blood
loss [21-23,27,28]. Finally, critical illness from COVID-19 may induce hypothalamic amenorrhoea.
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However few studies have actually evaluated the impact of acute COVID-19 illness on female re-
productive health and those that have are small [29-31]. The Arizona CoVHORT study is a prospective,
population-based cohort study which began recruitment in May 2020 [29]. Among 127 women who
tested positive for COVID-19, 16% reported a change in their menstrual cycle, the most common of which
were irregular menstruation (60%), an increase in premenstrual syndrome symptoms (45%) and in-
frequent menstruation (35%). The median time interval between a positive SARS-CoV-2 test and the last
reported menstrual cycle change was 57.5 days. A cross-sectional Chinese study, conducted in early 2020
observed that 20% of 177 women diagnosed with COVID-19 experienced a significant decrease in
menstrual volume, and 19% reported a prolonged menstrual cycle [31]. Furthermore, severally ill patients
had longer menstrual cycles than mildly ill patients. However, 84% of participants returned to a normal
menstrual volume and 99% returned to their normal menstrual cycle duration with 1-2 months after
discharge. In addition, there was no significant difference between sex hormones and anti-Mullerian
hormone (AMH) concentrations in the COVID-19 group when compared to age-matched controls. These
studies indicated that COVID-related menstrual disturbance may be short-lived and occur as a result of
transient sex hormone changes [29,31].

In a further small study, investigating menstrual disturbance in 78 women with COVID-19 infection,
there was no difference in menstrual volume, menstrual status, phase of menstrual cycle and dysme-
norrhoea between women with non-severe and severe COVID-19 infection [30]. However, women af-
fected by COVID-19 in this study had lower AMH levels and higher serum testosterone and prolactin
levels, when compared with healthy controls. This suggests that ovarian injury including a reduction in
ovarian reserve could be observed in women with SARS-CoV-2 infection.

In conclusion, the limited available evidence suggests that there may be an association between
SARS-CoV-2 infection and transient menstrual changes, along with diminished ovarian reserve. However,
data is limited to small cross-sectional studies that were conducted early in the course of the pandemic
and show variable results.

Implications to assisted reproductive technologies (ART) in SARS-CoV-2 infection

There is limited clinical data on the ART outcomes following SARS-CoV-2 infection. However, it is
plausible that the virus may affect ovarian and endometrial function, as discussed above, along with
sperm parameters. There is conflicting evidence as to the presence of SARS-CoV-2 virus in the semen of
men with active infection [32,33]. However, men with moderate COVID-19 infection have been shown to
have reduced sperm quantity and quality compared to those with mild infection or normal controls [34].
Viral orchitis may cause testicular mesenchymal cell damage, leading to secondary hypogonadism, as has
been demonstrated with other viruses [35]. Furthemore, COVID-19 infection is known to activate pro-
inflammatory cytokines and provoke and sustain an aberrant systemic inflammatory response [36],
which might interfere with folliculogensis and spermatogenesis.

An observational study involving 9 couples undergoing ovarian stimulation for in-vitro fertilisation
(IVF) assessed stimulation characteristics and embryological variables before and after recovering from
COVID-19 infection [37]. The study did not show any differences between IVF cycles with the exception
of a significantly lower proportion of top-quality embryos following COVID-19 infection. This suggests
that exposure to SARS-CoV-2 induced systemic inflammation during their development may reduce
embryo quality. In this study, couples resumed IVF 8-92 days after recovering from infection therefore
the authors of this small study suggest deferral of IVF for 3 months after recovery to reflect the duration
of foliculogenesis and spermatogenesis [37].

A further study investigated the impact of asymptomatic or mild, acute SARS-CoV-2 infection on
female fertility, embryological outcomes and clinical outcomes in ART treatments [38]. There was a slight
decrease in the blastocyst formation rate in the COVID-19 group but there were no differences in the
remaining outcomes including ovarian reserve, proportion of mature and fertilised oocytes or high-
quality embryos, biochemical and clinical pregnancy rates, early miscarriage rates and implantation
rates. The authors postulate that oxidative stress, which has a negative impact on oocyte quality [39],
may account for the decrements in blastocyst formation rate but that an additional interaction between
the virus and developing embryo is possible.
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The negative psychological impact of the suspension of ART treatments during the initial stages of the
pandemic should also be considered [40]. Despite data above suggesting that COVID-19 infection itself
may influence ART outcomes, there does not appear to be an overall difference in outcomes of ART
during the COVID-19 pandemic as compared to the pre-pandemic era [41,42]. Further larger-scale studies
are necessary to elucidate fully the direct implications to ART as a result of SARS-CoV-2 infection.

SARS-CoV-2 infection in pregnancy

There does not appear to be an increased rate of SARS-CoV-2 infection in pregnancy relative to the
general population [43], and the majority of identified pregnant women are asymptomatic [44]. How-
ever, certain comorbidities enhance the risk of infection amongst the pregnant population. The INTER-
COVID international study of unvaccinated women showed that obesity, diabetes and insulin-dependent
gestational diabetes significantly increase the chance of infection in pregnant women [45]. COVID-19
infection also appears to be more common in later pregnancy. In the UK Obstetric Surveillance System
(UKOSS) study, symptomatic infection was primarily diagnosed in the third trimester [46].

Importantly, there is evidence to suggest that pregnant women are at increased risk of severe illness
from SARS-CoV-2 infection compared to non-pregnant women particularly in the third trimester. The
PregCOVID-19 systematic review consortium demonstrates that pregnant women are more likely to
require intensive care admission and mechanical ventilation [44]. However, the overall risk of death
remains low and is primarily related to COVID-19 related respiratory or thrombotic disease [47]. The
estimated COVID-19 associated maternal mortality rate from the ‘Mothers and Babies: Reducing Risk
Through Audits and Confidential Enquiries across the UK’ (MBRRACE) review was 2.4 per 100,000 [47].
Risk factors associated with more severe infection include being unvaccinated, a body-mass index above
25 kg/m?, diabetes, hypertension, maternal age of 35 years or above, poor socioeconomic status and
being from a minority ethnic background [44,46]. Critically, approximately 98% of pregnant women
requiring hospital admission due to severe COVID-19 were unvaccinated [48].

Vertical transmission of the virus is uncommon however [49] and does not appear to be impacted by
factors such as mode of delivery, mode of feeding and skin-to-skin contact [50]. There is no apparent
association between COVID-19 infection and congenital anomalies [48]. The PregCOVID-19 group
however found an approximately doubled risk of stillbirth [44]. This may be explained by widespread
placental histological changes as a result of placental infection. A prospective study of 165 unvaccinated
women with COVID-19 infection in pregnancy had 6 stillbirths, all of which showed marked histological
changes of COVID-19 placentitis, destroying over 75% of the maternal intervillous space [51]. More focal
placental changes may be associated with foetal growth restriction [52]. Indeed, there is a near doubling
of the risk of low birth weight in the setting of maternal infection [53]. Furthermore, the preterm birth
rate in women with symptomatic COVID-19 appears to be 2-3 fold higher than the background rate but
the vast majority of these are as a result of obstetric intervention [44,46]. COVID-19 is also associated
with increased risk of caesarean section. The UKOSS data shows a 49% caesarean birth rate for women
with symptomatic COVID-19 compared to 29% in a representative group from 2018 [46].

In conclusion, SARS-CoV-2 infection in pregnancy is associated with a more severe illness, poorer
pregnancy outcomes and carries an associated mortality risk. This data highlights the need to prioritise
pregnant women for COVID-19 vaccination on an ongoing basis.

Impact of SARS-CoV-2 vaccination on menstrual cycles

Limited international retrospective and prospective studies have addressed the relationship between
COVID-19 vaccination and menstrual cycles [54-61]. Available data suggests that COVID-19 vaccination
has a mild transient effect on the menstrual cycle, although the aetiology of this is unclear.

The largest study to-date is an international prospective study that tracked menstrual cycle data from
almost 20,000 women using the mobile application ‘Natural Cycles’ between October 2020 and
November 2021 [54]. Compared with unvaccinated individuals, menses length was unaffected but first
and second vaccination dose was associated with a mean menstrual cycle increase of 0.71 and 0.56 days
respectively. The effect was larger in women who received two doses in the same menstrual cycle, with a
mean cycle increase of 3.70 days (2.98-4.42). One cycle after vaccination, the cycle length was similar to
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pre-vaccination for individuals who received one dose per cycle, but not yet for women who received
two doses per cycle. Two vaccination doses given within the one menstrual cycle suggests that one was
given during the follicular phase which was also shown in a further study to be associated with an
increased cycle length [61]. It is possible that the HPG axis is affected differently at various stages of the
menstrual cycle as a result of the immune response driven by the mRNA vaccine [62,63].

A Norwegian study used online questionnaires to collect retrospective menstrual data on 5688
women of reproductive age before and after vaccination [56]. After both doses of the vaccine women
reported heavier bleeding than usual. There was also an increased risk of additional menstrual dis-
turbances including longer duration menses. Another cross-sectional retrospective study of 14,153
women who completed their vaccination course at least three months prior, showed that 78% of women
reported menstrual changes post-vaccination, included heavier menstrual bleeding (43%), increased
menstrual pain (41%), delayed menstruation (38%), fewer days of menstrual bleeding (34.5%) and shorter
cycle length (32%). Each of these studies describe temporary and self-limiting menstrual cycle dis-
turbance, whilst some other studies do not observe a positive association between vaccination and
menstrual cycle disturbance at all [57].

Unfortunately, menstrual data was not included in most large-scale COVID-19 studies, including
vaccine trials [22], which is even more critical given that these are newly introduced mRNA-based
vaccines [57]. Further studies are required to assess immunological influences on menstruation in this
setting.

The impact of the COVID-19 pandemic on female reproductive health

Evidence to-date suggests that there is an association between the COVID-19 pandemic and changes
in menstrual patterns and sexual behaviours. This is consistent with previous reports which have shown
an association between complex social crises (e.g. natural disasters, war) and disturbance of menstrual
and sexual function in the setting of psychological distress [64,65].

Numerous studies have reported on menstrual cycle disruption during the pandemic
[13,14,57,66-75]. Two recent systematic reviews have utilised data from the highest quality studies to
characterise the relationship between the pandemic and menstrual disturbance [76,77]. A systematic
review and meta-analysis incorporating data from six studies, found a significant association between
lockdown and changes in the menstrual cycle for 21729 women of reproductive age [76]. Similarly, the
second systematic review which included data from thirteen studies, found that menstrual disorders
were a more common during the pandemic as compared to pre-pandemic, and that women affected by
pandemic-related stress were more prone to changes in the duration of their menses, and reported
increased rates of dysmenorrhoea and heavier menstrual bleeding [77]. A Hungarian study found no
association between vaccination or infection and menstrual cycle changes, but found that menstruation
length increased whilst regularity of the menstrual cycle decreased during the peak of the pandemic and
this correlated with the severity of depression [57]. The known vulnerability of the female HPG axis to
psychosocial stress is a key consideration when assessing the effects of the COVID-19 pandemic on the
menstrual cycle [78-80].

In the early stages of the pandemic, Ozimek et al. observed many changes in menstrual cycles, in-
cluding menstruation duration, cycle length and significant perceived stress [70]. Subsequently, two
cross-sectional survey-based studies conducted in Ireland in 2020 and 2021 demonstrated wider
variability in minimum and maximum menstrual cycle length, along with increases in self-reported
dysmenorrhoea, missed periods, heavy menstrual bleeding and pre-menstrual symptoms (PMS) com-
pared to pre-pandemic [13,14]. The latter study, showed that poor sleep quality was an independent
predictor of overall change in menstrual cycle and missed periods during the pandemic, whilst increased
anxiety was independently associated with painful periods and worsening of PMS [13]. Similarly, a study
conducted of Turkish healthcare workers found that depression, anxiety and stress were positively
correlated with irregular menstrual cycles [73]. In contrast, a retrospective cohort study which examined
raw data from over 18,000 women using a menstrual tracking smartphone app did not show any evi-
dence of population-level changes to ovulation and menstruation when comparing data between 2019
and 2020 [71]. This study limits recall bias, however it was carried out in the early stages of the pan-
demic, and there was minimal representation from women of lower educational and socioeconomic

5



M. Maher and L. Owens Best Practice & Research Clinical Endocrinology & Metabolism xxx (xxxx) Xxx

status, with whom irregular menstruation and higher perceived stress have previously been asso-
ciated [15].

In conclusion, studies suggest that many women have experienced menstrual disturbance during the
COVID-19 pandemic, and this is associated with psychological stress. However most of these studies are
short-term and rely on self-reported cross-sectional data, which can be subject to reporting bias, and
these limitations which must be considered when interpreting the results of existing studies [22].

The COVID-19 pandemic also appears to have had an overall negative impact on female sexual
function [13,72,74,81]. 54% of 1335 women surveyed in Ireland in April 2021 reported a reduction in their
libido since the onset of the pandemic [ 13]. A cross-sectional Turkish study reported a decrease in quality
of sexual life (as measured by the female sexual function index (FSFI) score, despite increased sexual
desire and frequency of sexual intercourse compared to prior to the pandemic [74]. A similar Italian
study demonstrated an increase in female sexual distress scale scores, but with decreased frequency of
sexual intercourse and FSFI scores, in conjunction with reduced quality of life [81].

Existing research is also suggestive of an overall decline in female contraceptive use during the
pandemic, likely attributable to changes in sexual behaviour as a result of social distancing, along with
reduced access to healthcare [72,74,82-85]. An Italian-based study showed that 51% of non-cohabiting or
single women discontinued short-acting reversible contraception but 47% of them continued their sexual
activity resulting in a rise in unplanned pregnancies [82]. Further research is necessary to assess the
ongoing impact of the pandemic on sexual behaviour and contraceptive practices as many of the pub-
lished studies were conducted in the early stages of the pandemic, when restrictions were in place.

Female reproductive health in long COVID

Long COVID is most prevalent amongst premenopausal women, affecting twice as many women as
men [10]. In the USA, long COVID also disproportionately impacts transgender people [86]. Reproductive
health disturbance is reported, but poorly studied, amongst females with long COVID. In addition,
menstruation or the premenstrual period, the time of cyclical nadir of oestrogen, may trigger symptoms
of long COVID [8], suggesting that the wider symptoms of long COVID may be partly mediated by ovarian
steroid hormone fluctuation.

An international online survey of those with long COVID reported data from 1792 reproductive aged
women [8]. 36% reported overall menstrual disturbance- 26% reported irregular menstrual cycles and
20% reported heavy menses. This study also included 1124 women over the age of 49, of whom 5%
experienced postmenopausal bleeding, and included 938 women between the ages of 40-49, of whom
3% reported early menopause.

A study of 483 women in Iraq and Jordan who had COVID-19 infection [87]| demonstrated a change in
menstrual cycle duration and change in blood volume in 47%, and a change in length of menses in 42%.
Half of 460 women surveyed in the UK self-reported that their menstrual period had stopped or changed
since experiencing COVID-19 infection [9]. It is important to note though that this association between
long COVID and reproductive health disturbance demonstrated in observational studies does not prove
causation.

Disruption of ovarian steroid hormone production associated with SARS-CoV-2 infection in women
around the age of menopause could theoretically exacerbate symptoms of menopause [88]. There is a
significant overlap between symptoms of menopause/perimenopause and long COVID (e.g. fatigue, sleep
disturbance, brain fog, palpitations). A survey in the UK reported that 70% of women attributed their long
COVID symptoms to menopause or their menopausal symptoms to long COVID [9]. Failure to recognise
and diagnose perimenopause could lead to a lost opportunity to manage debilitating symptoms with
menopausal hormone therapy [88], therefore awareness with regards to the potential overlap of long
COVID and menopausal symptoms is important.

In conclusion, observational studies demonstrate an association between long COVID and menstrual
cycle disturbance. In addition, it may be difficult to differentiate between the wider symptoms of long
COVID and perimenopause, resulting in suboptimal treatment. Further longitudinal research is required
to explore the links between long COVID and the female reproductive hormones.
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Clinical practice recommendations

Given the broad nature of the potential causes of reproductive health disturbance in the era of the
COVID-19 pandemic, as well as likely variation in impact depending on geographic location and socio-
economic circumstance, and the lack of clinical practice guidance, or longitudinal studies or studies
assessing potential interventions, it is difficult to make for clinicians to make recommendations to
women that they review in this context.

Studies show that the COVID-19 vaccine may be associated with mild and transient menstrual cycle
change. Healthcare providers should advise women who are concerned that menstrual cycle changes
may occur after COVID-19 vaccination; their cycle may be longer and bleeding may be heavier. However
they should be reassured that changes are mild and short lived, lasting usually for 1-2 cycles and that
temporary disruption to cycles is much less risk to overall health than the potential impact of COVID-19
infection, especially in women of reproductive age, as severe disease can be harmful to pregnant women
and their babies. They should also be reassured that there is no evidence that fertility or pregnancy
outcomes are negatively impacted by vaccination. It is important that misinformation does not promote
vaccine hesitancy. Women who have persistent cycle changes after the vaccination should seek medical
advice, as they may incidentally have an underlying reproductive health condition.

In general women may present for the first time with underlying reproductive health conditions
which may be coincidental but are erroneously attributed to COVID-19 infection or vaccination or long
COVID, due to their high prevalence, e.g. Polycystic Ovary Syndrome (PCOS) or Endometriosis.
Additionally, the pandemic may have exacerbated certain conditions. Women with PCOS, for example,
may experience worsening symptoms of the condition during the pandemic due to weight gain, psy-
chological distress, and reduced access to medical and cosmetic treatments. Psychological distress re-
sulting from the pandemic may have caused increased prevalence of hypothalamic amenorrhoea, in fact
studies did report an increase in the number of missed periods in the early stages of the pandemic. Also
the media coverage of the impact of the vaccine and the disinformation around fertility may have shone
a spotlight on this, so women may present for the first time with pre-existing reproductive conditions.

We therefore recommend a thorough assessment for signs and symptoms of common endocrine and
gynaecological conditions, such as PCOS and endometriosis, as well as perimenopause. Assessment
should include assessment of weight and body mass index, change in or discontinuation of hormonal
contraception, and further testing will depend on predominant symptoms but may include blood testing
e.g. FSH, LH, oestradiol, prolactin, androgens, thyroid function. Women should be counselled appro-
priately regarding sexual health and contraception.

Women who experience transient menstrual cycle change that has resolved and is attributed to the
psychological impact of the pandemic, should be reassured that this is unlikely to impact their long-term
reproductive health. Women who report persistent cycle disturbance without features of an obvious
underlying biological cause, baseline blood tests as outlined above should be considered, as well as an
objective assessment of psychological health. Treatment should depend on predominant symptoms and
also be based on local guidance. Lifestyle advice regarding weight, diet, exercise and alcohol intake
should be provided.

Summary

Results from observational studies suggest that the COVID-19 pandemic has impacted women'’s
menstrual cycles, resulting in worsening painful and heavy menstrual bleeding, missed periods, changes
in cycle duration and worsening pre-menstrual symptoms. Studies show a link between this menstrual
disturbance and psychological distress. It is unknown if this menstrual disturbance is transient, as
longitudinal data encompassing the duration of the pandemic has not been published. Studies have also
shown reduced frequency of sexual activity and libido, but again the permanency of this is unknown. The
pandemic, at least in the early stages, has been associated with reduced use of contraceptives. SARS-CoV-
2 and Long COVID may be associated with reproductive health disturbance, and studies also show that
the COVID-19 vaccine can cause temporary menstrual disruption. The impact of all of above on fecundity
are unknown and are likely to vary depending on economic and geographic factors.
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Practice points

Temporary menstrual cycle changes may occur after COVID-19 vaccination, including longer
cycle length and heavier bleeding. Women should be reassured that these changes typically
last for 1-2 cycles.

e There is no evidence that fertility or pregnancy outcomes are impacted by vaccination against
COVID-19. Healthcare professionals and policy makers should inform women of this.

e For women experiencing persistent menstrual cycle disturbance, we recommend a thorough
multidisciplinary assessment including assessment for underlying gynaecological/endocrine
conditions, psychological assessment, assessment of weight, diet, lifestyle.

e Healthcare providers should be aware that pregnant women who are older, have co-

morbidities, are from ethnic minorities, are obese or experience socio-economic deprivation

are more likely to experience severe COVID-19 infection. Women planning pregnancy should
ensure they are vaccinated against COVID-19 infection.

Research agenda

We recommend that future studies should focus on the following areas, and should incorporate
large-scale longitudinal studies in different geographical locations:

e The short and long-term effects of exposure to Sar-CoV-2 and pandemic mitigation measures on
reproductive health and fertility.

e Associations between long COVID, menstrual cycle disturbance and co-existing reproductive
health conditions.

e Assessment of interventions that could be adopted to recognise, modify and treat/reverse the
negative impact on reproductive health. For example in cases associated with psychological
disturbance, a trial of digital cognitive behavioural therapy.

e Birth trends, ART and pregnancy outcomes in the years during and following the COVID-
pandemic compared with before.

e Research to elucidate the epidemiological basis, as well as the underlying biological mechan-
isms for sex-differences in Long COVID
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